Objective: To compare the intakes of dietary fibre (DF) and dietary indigestible fraction (DIF) in the Spanish diet and also to show the limitations of DF values for nutritional and epidemiological studies. Design: This includes the following: (i) estimation of plant foods consumption in Spanish diet from national food consumption data obtained from annual surveys (6000 households, 700 hotels and restaurants and 200 institutions); (ii) determination of DIF content in plant foods using analytical methods that mimic physiological conditions; (iii) estimation of daily intakes of DIF and DF in the Spanish diet. Results: DIF intake in the Spanish population was estimated at 41.5 g/person/day. DF intake (18.3 g/person/day) was considerably lower than the amount of carbohydrate necessary to maintain the daily bacterial cell turnover in large intestine ('carbohydrate gap'). The differences between DIF and DF values are a consequence of conceptual and methodological aspects. DIF, as the part of foods reaching the colon, comprises not only DF but also other indigestible compounds such as a fraction of resistant starch, protein, polyphenols and other associated compounds. Analytical conditions are closer to actual physiological conditions in the determination of DIF than in DF analysis. Conclusions: DF intake underestimates a major part of the dietary substrates that enter the colon. DIF intake more closely matches the amount of substrates needed to maintain a typical human colonic microflora. DIF may be a good alternative to DF for nutritional and epidemiological studies.
Introduction
There are numerous clinical and epidemiological studies supporting the contribution of plant foods to the maintenance of gastrointestinal health and to lowering the rates of cardiovascular diseases and cancer. The beneficial effects on intestinal health are attributed mainly to dietary fibre (DF) while DF along with several microconstituents such as phenols, carotenoids, phytosterols and folate are described as potential contributors for cardiovascular diseases (CVD) and cancer prevention (German & Dillard, 1998; Bazzano et al, 2002; Flood et al, 2002) .
Recent reports concluded that increase in DF intake may be important for prevention of high levels of homocisteine, a biomarker of CVD risk, and that the benefits of the Mediterranean diet in terms of coronary risk may be attributable in large part to a high intake of fibre and fruit (Martínez-González et al, 2002; Mennen et al, 2002) .
The data for DF contents of foods used in nutritional and epidemiological studies targeting the health effects of DF are derived from food-composition tables. It has been argued that there are a variety of reasons why the analytical epidemiological data cannot, at this stage of our knowledge, be expected to show a clear relationship between an exposure as complex as DF and bowel cancer even if such a relationship exists (Potter, 1990) . DF data have a limited value and may cause significant errors in these studies for both conceptual and methodological reasons. It is known that DF data include only a part of the substrates escaping the action of digestive enzymes. It has been reported that DF supplied only 22-34% of the energy available for colonic fermentation (Lia et al, 1996) . Moreover, these data do not correspond to foods as eaten, since they are obtained in nonphysiological analytical conditions (Mañas & SauraCalixto, 1995) .
This prompted us to examine the use of dietary indigestible fraction (DIF) as an alternative to DF in nutritional studies. DIF is defined as the part of vegetable foods that is not digested or absorbed in the small intestine and reaches the colon, where it serves as a substrate for fermentative microflora. DIF comprises DF, resistant protein, resistant starch and other indigestible associated compounds. The analytical methodology for DIF determination in foods as eaten has been reported in the literature (Saura-Calixto et al, 2000) .
The object of this work was to show that DIF provides data closer than DF to the amounts of substrates available in human colon, by determining their intake in the Spanish diet.
Materials and methods

Subjects and dietary information
Estimates of food consumption in the Spanish diet are based on National consumption data (MAPA, 2001) . Data are obtained annually from daily budget questionnaires. In total, 6000 households are surveyed (universe of 13 millions of units), along with 700 hotels and restaurants (universe of 236.375 of units) and 200 institutions such as schools, hospitals and the armed forces (confidence level 95.45%; error range 3% in amount of food). Each family daily registers by scanning the foods present at home. Hotels, restaurants and institutions give information about purchases of foods four times per year.
Sample preparation
Common dietary foods were purchased in local supermarkets and they were analyzed as eaten. Cereals (white bread, biscuits, croissant and chocolate), vegetables (onion, mushroom, endive, lettuce, cucumber, pepper, tomato), nuts and fresh fruits were analyzed raw, while other foods were boiled before the analysis, following Spanish culinary habits. Those samples with a fat content higher than 5% of the dry matter (biscuits and croissant) were defatted with petroleum ether prior to the analysis, using a Soxhlet equipment (Soxhlet System HT Tecator, Höganas, Sweden). The edible portion of fresh food consumption was calculated by using the factor indicated in Spanish food composition tables (Moreiras et al, 1998) .
Determination of the indigestible fraction (IF) in plant Spanish foods
The DIF content was determined in all plant foods included in the National Survey (MAPA, 2001) . It was measured by the procedure of Saura-Calixto et al (2000) . Briefly, samples (300 mg) were treated with pepsin (pH 1.5, 1 h, 371C) and a-amylase (pH 6.9, 16 h, 371C) solutions with constant shaking. Samples were centrifuged (15 min, 3000 g) and supernatants removed. The residues were dried and quantified gravimetrically as insoluble IF. Supernatants were transferred into dialysis tubes (12 000-14 000 molecular weight cutting off) and dialysed against water for 48 h at 251C. Dialysates were then hydrolysed with 1 M sulphuric acid at 1001C for 90 min, and the soluble IF was Avoids errors associated to precipitation and filtration Saura-Calixto (1993, 1995) Intake of dietary indigestible fraction in Spain FD Saura-Calixto and I Goñi spectrophotometrically measured. The results were expressed as percentage edible portion dry matter.
Estimation of DIF and DF intakes DIF intake was calculated from the content of DIF in plant foods listed in Table 2 and food consumption data (g/per capita/day) reported in Spanish National Survey (MAPA, 2001) . DF intake was estimated from DF data included in a previous report (Goñi, 2001) .
Results and discussion
IF in foods
Recently, the authors proposed the concept of DIF instead of DF. DIF was defined as the part of vegetable foods that is not digested nor absorbed in the small intestine, reaching the colon where it serves as a substrate for the fermentative microflora (Saura-Calixto et al, 2000) . As such, it comprises not only DF, but also other compounds of proven resistance to the action of digestive enzymes such as a fraction of dietary starch, protein, certain polyphenols and other associated compounds of nutritional importance. The analytical methodology for determination of DIF was also reported. The main differential features of the DIF and DF are summarized in Table 1 . It is worth noting that the use of DIF may be more useful than DF, because DIF values are close to the estimated amount of substrates reaching the colon, mimic physiological conditions and avoid artificial modifications of nutrient digestibility and some errors associated to the DF analytical procedure.
The total, soluble and insoluble DIF contents of common foods in Spanish diet are listed in Table 2 . The DIF content is significantly higher than the DF content included in food-composition tables (Holland et al, 1995; Moreiras et al, 1998) and in our previous report (Saura-Calixto et al, 2000) . This is a consequence of the differences mentioned above.
Substantial amount of resistant starch and protein, minerals and other indigestible associated compounds were present in the DIF. For instance, the content of resistant starch (ranged from 1.5 to 10% dry matter in starchy foods) and indigestible protein (ranged from 1 to 6% dry matter) are included in DIF but not in DF. Detailed composition of DIF and DF in foods was previously reported (Saura-Calixto et al,
2000)
Indigestible fraction intake and colonic carbohydrate gap The Spanish diet is a typically Mediterranean diet. It is rich in minimally processed, seasonally fresh and locally grown plant foods. The quality of the diet is enhanced by the variety of food and the type of bioactive compounds present in Spanish plant foods (Serra-Majem & Aranceta, 2001 ). Moreover, fruits and vegetables are frequently eaten raw in salads or as daily desserts. Plant foods account for 828 g/day of the diet that is about 35% of total food consumption, and they suppose 34% of total energy intake in Spanish population (MAPA, 2001) .
The contribution of cereals, vegetables, fruits, nuts and legumes to total plant foods is shown in Table 3 . Vegetables Intake of dietary indigestible fraction in Spain FD Saura-Calixto and I Goñi and fruits account for 69% of total plant foods; this is typical of Mediterranean countries and differs strikingly from other North European populations. The traditional hypothesis of DF relates the low intake of DF with a higher incidence of cardiovascular diseases and cancer, but the epidemiological evidence for a relationship between these diseases and DF is weak and inconsistent (British Nutrition Foundation's Task Force, 1990) . However, stronger protective support has been found for whole foods such as vegetables, fruits and grains high in DF, and other associated compounds that possibly slow or prevent chronic disorders such as cancer (Vinson et al, 2001 ) and cardiovascular (Bazzano et al, 2002) diseases. In this line, health organizations and cancer institutes recommend at least five daily servings of fruits and vegetables (Lampe, 1999) .
DF may be just part of the protective puzzle with other components including resistant starch, resistant protein, antioxidants, phenolics and other associated compounds.
The concept of DF was first developed almost 35 y ago and has stimulated a great deal of research over the years. It is clear that its effects on the human large intestine, particularly through fermentation, are the best established and most important of its various properties. During this time, knowledge has increased, and there is now a good experimental basis to set fibre in relation to the other fermentable substrates in the diet, which may be present in the colon in varying amounts simultaneously (Cummings, 1996) .
Food indigestible components serve as substrates for the intestinal microbiota. On the basis of bacterial growth, it has been estimated that up to 60 g of carbohydrates reaching the colon would be necessary to maintain the daily bacterial cell turnover (Cummings & MacFarlane, 1991) . However, DF intake in European countries only accounts for about 20 g of carbohydrates/day, leaving what is known as a 'carbohydrate gap' of 40 g/day (Cummings & MacFarlane, 1991) .
The intake of DIF (41.5 g/person/day) was much higher than the total DF intake (18.30 g/person/day). Cereals are the main contribution to DIF intake, because resistant starch is a major constituent of DIF in starchy food (Table 3) . DIF intake is closer to the estimated 60 g/person needed to maintain daily bacterial cell turnover, as mentioned above. The calculated figure takes no account of vegetable-based readymade dishes, because of lack of information on their consumption, which is growing in Spain. Endogenous compounds, mainly nitrogen-containing products and a minor proportion of low-molecular-weight nondigestible compounds, along with the vegetable-based readymade dishes should be sufficient to bring the final amount of substrate up to that necessary to maintain bacterial cell turnover. From a nutritional standpoint, then, DIF data may be more representative than DF values in that they include the main food components unavailable in the small intestine and available for colonic microflora.
In summary, the DIF proposed here could be a suitable alternative to DF in nutritional and epidemiological studies. We believe that DIF content in foods may provide more comprehensive information than DF. Further studies are needed on the physiological and nutritional properties of DIF. 
